The way in which the genome of a multicellular organism can orchestrate the differentiation of trillions of cells and many organs, all from a single fertilized egg, is the subject of intense study. Different cell types can be defined by the networks of genes they express. This differential expression is regulated at the epigenetic level by chromatin modifications, such as DNA and histone methylation, which interact with structural and enzymatic proteins, resulting in the activation or silencing of any given gene. While detailed mechanisms are emerging on the role of different chromatin modifications and how these functions are effected at the molecular level, it is still unclear how their deposition across the epigenomic landscape is regulated in different cells. A raft of recent evidence is accumulating that implicates long noncoding RNAs (lncRNAs) in these processes. Most genomes studied to date undergo widespread transcription, the majority of which is not translated into proteins. In this review, we will describe recent work suggesting that lncRNAs are more than transcriptional "noise", but instead play a functional role by acting as tethers and guides to bind proteins responsible for modifying chromatin and mediating their deposition at specific genomic locations. We suggest that lncRNAs are at the heart of developmental regulation, determining the epigenetic status and transcriptional network in any given cell type, and that they provide a means to integrate external differentiation cues with dynamic nuclear responses through the regulation of a metastable epigenome. Better characterization of the lncRNA-protein "interactome" may eventually lead to a new molecular toolkit, allowing researchers and clinicians to modulate the genome at the epigenetic level to treat conditions such as cancer.
INTRODUCTION
As the complexity of multicellular eukaryotes increases, it is reasonable to assume that so would the number of genes that orchestrate their development. The results of many genome-sequencing projects, Caley et al.: Long Noncoding RNAs, Chromatin, and Development TheScientificWorldJOURNAL (2010) 10, [90] [91] [92] [93] [94] [95] [96] [97] [98] [99] [100] [101] [102] 91 however, are challenging this expectation. Humans contain 500 billion times more cells than the humble nematode worm, Caenorhabditis elegans, as well as a significantly more complex distribution of cell types, yet both organisms contain approximately the same number of genes, ~20,000 [1, 2] . The use of alternative splicing could partly account for increased proteomic diversity in more complex organisms [3] , and an additional layer of regulation appears to confer on those genes a much greater dexterity during the development of complex organs and tissues [4] . Genes were previously thought to function in a sea of "junk" DNA, but a revolution in our understanding of nuclear processes is pointing to a critical role for these regions between genes. The proportion of nongenic regions appears to correlate with organism complexity; in yeast, 30% of the genome appears to be devoid of protein-coding potential compared to approximately 99% in mammals [5] . The ENCODE project, which aims to characterize 1% of the human genome comprehensively, has shown that over 90% of the genome is transcribed, in spite of only 1-2% of it being comprised of genes [6] . Most of these transcripts are not translated into protein and are, therefore, termed noncoding RNAs (ncRNAs). Initial debate focused on whether they represented transcriptional noise [7, 8] ; however, the observation that this phenomenon is shared among many species [9, 10, 11, 12] suggests that the process is not simply a waste of cellular energy, but an important conserved mechanism for cellular function. The act of transcription has been proposed to influence the formation of subnuclear structures [13, 14] , the interaction of genes and regulatory elements [15, 16] , the mingling of chromosome territories [17] , and the folding of entire chromosomes [18, 19, 20] . The importance of noncoding transcription is supported by a wealth of genome-wide association studies that identify intergenic regions associated with phenotypic variation and disease [21] . Indeed, increasing evidence implicates specific ncRNAs in a wide range of functional roles, suggesting that they may be the architects of an additional framework of gene regulation, mediating vast phenotypic differences with similar numbers of genes.
The nature and function of ncRNAs appears to be many and varied. A range of small (generally <50 bp) ncRNAs, including small interfering RNAs (siRNAs), microRNAs (miRNAs), and PIWI-interacting RNAs (piRNAs), have been implicated in a host of roles, such as transcriptional regulation, control of chromatin structure, heterochromatin formation, and proteomic status [22] . The role of the RNAi machinery and small ncRNAs has been extensively reviewed elsewhere [22, 23] . In this review, we will focus on the role of another class of ncRNAs known as long noncoding RNAs (lncRNAs). LncRNAs vary in size from 200 bp to >100 kb, are transcribed by RNA polymerase II, and are often spliced and polyadenylated. They have been identified by a variety of means and the number of specific lncRNAs shown to influence genomic function is growing. These include lncRNAs with roles in imprinting [24] , enhancer function [25, 26] , X chromosome inactivation [27] , chromatin structure [28] , and genomic rearrangements during the generation of antibody diversity [29] . They appear critical for normal development and in many cases are deregulated in diseases such as cancer [30] . In this review, we will focus on the recent exciting findings that suggest that some lncRNAs act as tethers and guides for the correct targeting of chromatin-modifying complexes to various genomic locations, with particular reference to specific genes critical to development in multicellular organisms.
A FUNCTIONAL LINK BETWEEN RNA AND CHROMATIN
Most cells in a multicellular organism are genetically identical, yet each cell type has a characteristic pattern of gene expression that determines cellular function [31] . The transcriptional output in any given cell type is largely the result of heritable patterns of epigenetic modifications. These covalent chemical groups, which include histone methylation, acetylation, and DNA methylation, are critical for genomic structure and regulation [32] . An increasingly compelling body of work suggests that RNA plays a role in the maintenance of chromatin function. The results of biochemical experiments suggest that RNA is an integral component of chromatin, possibly playing a structural role [33, 34, 35] . Fluorescent in situ hybridization (FISH) experiments have shown that ncRNAs can coat entire chromosomes and confer epigenetic marks (discussed further below) [36] . The lncRNA NEAT1 has been shown to nucleate 92 paraspeckles, a type of subnuclear compartment thought to be involved in RNA processing [37] . A role for RNA has also been suggested in the targeting of HP1 to heterochromatic chromatin [38] .
In several gene loci, regions of lncRNA transcription have been found to overlap with domains of active chromatin modifications and a more open chromatin conformation [26, 39, 40, 41, 42 ]. An important question, then, is whether it is the act of transcription itself or the lncRNA working in trans that leads to chromatin modification, or indeed if the transcription is a result of (rather than a cause of) chromatin activation. Perturbation of these ncRNAs often results in the deregulation of chromatin modifications, suggesting that lncRNAs (or their transcription) do indeed play a role in determining chromatin structure [25, 26, 42, 43] . The process of transcriptional elongation through a chromatinized template involves the coordinate action of many protein complexes, and includes the removal of nucleosomal proteins and redeposition behind the processing polymerase [44] . Some chromatin-modifying complexes have been found to associate with RNA polymerase, so it is conceivable that as the machinery moves through chromatin, it adds covalent modifications to histones [45, 46] . Another model suggests that the lncRNAs produced through intergenic transcription bind chromatin-modifying complexes and regulate chromatin at specific loci. This is supported by the observation that many enzymes and chromatinmodifying complexes, such as DNA methyltransferases, Polycomb-group (PcG), and Trithorax-group (TrxG) proteins, appear capable of binding RNA [47, 48, 49, 50, 51] . Indeed, in many cases, it is unclear whether these enzymes are inherently capable of binding DNA or have DNA-binding partners. The use of lncRNAs as tethers and guides for the targeting of chromatin modifications is consistent with the need for a limited number of enzymes and complexes to control the epigenetic landscape of the entire genome accurately, in a cell type-specific manner, which is able to respond to the changing needs and environment of the cell. In this way lncRNAs could provide a dynamic framework in which such complexes can operate, allowing a limited gene set to be differentially regulated through development in a complex multicellular organism.
LNCRNAS AND X CHROMOSOME REGULATION
The presence of different numbers of sex chromosomes in male and female organisms presents a special challenge to genomic regulatory mechanisms. It is important for development and survival that the expression of genes on the X chromosome is at an equivalent level in both sexes. Drosophila and mammals appear to have evolved opposing strategies, which share the use of lncRNAs at their heart [52] . In Drosophila, the single male X chromosome is transcriptionally hyperstimulated by widespread acetylation [53] . This is achieved by two lncRNAs encoded on the X chromosome, roX1 and roX2, which appear to physically recruit the dosage compensation complex (DCC) to many sites along the male X chromosome, resulting in increased acetylation [54, 55] .
In female mammalian embryos, one of the two X chromosomes becomes epigenetically silenced [56] . This is ultimately accomplished by the lncRNA Xist, which is expressed only from the inactive X and coats the chromosome in cis, leading to inactivation [36, 57, 58] . This involves the recruitment of PcG complexes capable of conferring H3K27 trimethylation via interaction with the conserved A-repeat sequence at the 5' end of the Xist RNA [59] , leading to the formation of heterochromatin and epigenetic silencing [60] . Xist expression is tightly regulated by the coordinate action of a group of lncRNAs situated within a 500-kb region, known as the X-inactivation center (Xic) (Fig. 1) . Tsix is a 40-kb lncRNA expressed from the active X that overlaps with Xist, is transcribed in the antisense direction, and negatively regulates Xist in cis [61] . Tsix is itself positively regulated by an upstream regulator, Xite, which contains intergenic transcription potential [62] . Prior to inactivation, both X chromosomes are epigenetically similar, with some Xist expression detectable from both loci, but during early development, the two X chromosomes physically associate and during this period of interaction, the epigenetic asymmetry is established that eventually leads to absence of Xist on the active X and overexpression on the inactive X [63, 64, 65, 66] . The contact between X chromosomes appears to be mediated by pairing elements present in a 15-kb region overlapping Xite and Tsix [66] . There is evidence suggesting that this 93 FIGURE 1. The role of lncRNAs in X chromosome inactivation. In the inactive X, the lncRNA RepA is transcribed and appears to recruit PRC2 to the 5' end of Xist, leading to the seeding of a H3K27 trimethylation heterochromatin patch. This permits production of the Xist transcript, which recruits PRC2 to various sites across the X chromosome in cis and mediates epigenetic silencing. In the active X, the lncRNA Tsix is produced, which may interfere with the function of RepA and prevents transcription of Xist, possibly by recruiting the DNA methyltransferase Dnmt3a to the Xist promoter region. Silencing of Xist by Tsix prevents heterochromatinization and allows one X chromosome to remain active.
pairing event may require the action of lncRNAs or the act of their transcription [67] , hinting at the importance of transcription in the regulation of chromatin dynamics. Prior to inactivation, both alleles transcribe Tsix, which appears to keep the 40-kb region enriched for H3K4 methylation and H4 acetylation, in an apparently active state [68] . Paradoxically, this active state appears to cause repression of the Xist lncRNA in cis. This may be explained by the interesting finding that Tsix RNA physically associates with the DNA methyltransferase Dnmt3a at the Xist promoter [68] , leading to DNA methylation and silencing of Xist only on the active X chromosome [68, 69] . There is also evidence that the transcriptionally repressive DNA methylation at the Xist promoter may be accomplished through the RNAi pathway, following the production of small interfering RNAs from annealed Tsix and Xist transcripts [70] . In the inactive X, loss of Tsix expression leads to a more heterochromatic chromatin state, including increased levels of H3K27 trimethylation, loss of DNA methylation at the Xist promoter, and Xist up-regulation [68] .
The paradoxical finding that Xist is repressed in euchromatin, but actively transcribed in heterochromatin, reflects an interesting evolutionary solution to the need to silence a chromosome using a lncRNA [27] . The accumulation of PRC2 (Polycomb Repressive Complex 2, the PcG complex responsible for H3K27 trimethylation) at the 5' end of Xist following Tsix down-regulation in the inactive X occurs before Xist up-regulation and is, therefore, unlikely to be mediated by the Xist RNA itself [68, 71] . The recruitment of PRC2 in this case appears to be mediated by another lncRNA in the Xic, known as RepA [71] . RepA is a 1.6-kb RNA that overlaps with the 5' end of Xist and includes the Arepeat motif known to bind PRC2 [59, 71] . Upon Tsix down-regulation in the inactive X, RepA recruits PRC2 to create a heterochromatic "patch" in the Xic, which then seeds the activation and spread of Xist to the rest of the chromosome [27, 68, 71] . It is unclear how Tsix and RepA functionally interact, but it has been proposed that Tsix may interfere with the RepA-PRC2 interaction [27] . Regardless of the precise molecular mechanisms, the case of X chromosome dosage compensation in insects and mammals demonstrates the use of lncRNA protein complexes in the regulation of intricate epigenetic processes.
LNCRNAS AND IMPRINTING
Autosomal imprinting is the process by which a gene is expressed from one allele, but silent at the other. Like X chromosome inactivation, imprinting appears to involve the function of lncRNAs and while there are differences between both processes, it has been suggested that they have a common evolutionary origin [72] . In placental mammals, thousands of autosomal genes and transcripts appear to be imprinted, and these are often arranged in clusters [73] . Increasingly, evidence is emerging that lncRNAs play a direct role in the regulation of various imprinted genes [24] .
A cluster of imprinted genes located at the telomeric end of chromosome 7 in mice is regulated by the lncRNA Kcnq1ot1 [24] . Kcnq1ot1 is transcribed as an antisense RNA on the paternal allele from a promoter located in the tenth intron of the paternally silenced Kcnq1 gene. Deletion of the Kcnq1ot1 promoter, or truncation of the lncRNA by insertion of a transcription termination cassette, leads to loss of imprinting [74, 75, 76] . Loss of the Kcnq1ot1 RNA leads to deregulation of H3K9 dimethylation, H3K27 trimethylation, or DNA methylation at genes whose imprinting is lost [34, 77, 78, 79] . One possible mechanism is that Kcnq1ot1 associates with the chromatin-modifying complexes, guiding them to the paternally imprinted genes. In support of this hypothesis, experiments using RNA FISH and immunostaining to visualize Kcnq1ot1 RNA, H3K9 trimethylation, and H3K27 trimethylation show that the three often overlap [80] . Furthermore, Kcnq1ot1 RNA has been found to interact with PRC2 and G9a (the enzyme responsible for H3K9 dimethylation), and the complexes appear to bind chromatin at the imprinted genes [34, 81] . A region at the 5' end of Kcnq1ot1 appears to harbor much of the information required to modify genes epigenetically and may be sufficient to recruit imprinted genes to perinucleolar heterochromatin [82] . Interestingly, some genes in the imprinted locus appear to be silenced by subtly different mechanisms [76, 79, 83, 84] ; what role the lncRNAs play in defining these differences remains to be elucidated.
The insulin-like growth factor-2 receptor (Igf2r) locus provides another example of imprinting regulation through lncRNAs. In addition to Igf2r, the locus contains the Slc22a2 and Slc22a3 genes; in early mouse embryos, all three are expressed only from the maternal allele and require the action of the Air (Antisense Igf2r RNA) lncRNA for paternal imprinting [85, 86, 87, 88] . Similar to the Kcnq1ot1 locus, Air is transcribed in the antisense direction from a promoter within an imprinted gene; specifically, the second intron of the paternal Igf2r allele. Truncation of the Air transcript leads to biallelic expression of all three genes [87] . A modified RNA TRAP (RNA tagging and recovery of associated proteins) technique [89] was used to show that the Air transcript was associated with the promoter of at least one of the imprinted genes [86] . Furthermore, the transcript interacts with G9a and mediates H3K9 dimethylation at the imprinted gene promoters in cis [86] , again highlighting the importance of lncRNAs in the regulation of epigenetic processes. Allelic silencing in other imprinted loci, including the Igf2/H19 locus and the Gnas clusters, also appears to involve the function of lncRNAs [90, 91] .
LNCRNAS AND THE HOX GENES
The importance of lncRNAs in controlling epigenetics is not confined to the regulation of dosage compensation. Indeed, recent results suggest that they play their part in many aspects of developmental biology. The Hox genes encode transcription factors containing DNA-binding homeodomains. These factors influence the expression of multiple genes during development, and are critical for determining body segmentation patterns and organ formation [92] . They are highly conserved through evolution and are often clustered [93] . The arrangement of Hox genes along the chromosome reflects their order of activation during development, as well as their positional expression along the anterior-posterior axis, a fascinating feature known as colinearity [93] . These genes have been extensively studied in a range of organisms, including Drosophila and mammals.
In Drosophila, the Hox genes are distributed in two clusters, the bithorax complex (BX-C) and the antennapedia complex (ANT-C) [94, 95] . The BX-C contains three protein-coding genes, Ultrabithorax
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(Ubx), Abdominal A (abd-A), and Abdominal B (abd-b) [94] . A number of mutations affect expression of the Ubx protein, but most do not occur in the protein-coding sequences [96] , suggesting an important role for intergenic regions. A number of lncRNAs can also be detected within the Drosophila Hox clusters, some of which overlap with the homeotic genes and are themselves regulated spatiotemporally [97, 98] . The nature and role of these lncRNAs is currently the topic of much debate. Some early experiments suggested that transcription through "maintenance elements" prevents silencing of Ubx and Abd-B by blocking the binding of negatively regulating PcG proteins and allowing recruitment of the positively regulating TrxG proteins [99, 100, 101, 102] . More recently, it has been shown that lncRNAs produced by transcription through maintenance elements is required to recruit Ash1 (a TrxG protein capable of methylating H3K4) in trans to regions upstream of Ubx, leading to epigenetic activation of the Hox gene [103] . The requirement for an RNA element in this recruitment of Ash is consistent with the lack of DNA-binding capacity of this TrxG protein and the finding that RNase-treatment deregulates Ash1 binding across the genome [103] . In contrast, single-cell analyses using RNA FISH suggest a repressive role of these lncRNAs on Ubx through transcriptional interference [104] . Thus, while the precise role and mechanisms of lncRNAs in the Drosophila Hox clusters is unclear, they do appear to have an important function in epigenetic regulation of homeotic genes.
The 39 Hox genes in humans are distributed over four clusters, known as HOXA, HOXB, HOXC, and HOXD [93] . Recent work has shown that the clusters are epigenetically subdivided into domains of chromatin methylated at either H3K4 or H3K27, but not both [28] . Indeed, regions of transcriptional activity appear clustered in domains where H3K27 is absent [28] . Interestingly, the patterns of Hox gene expression in fibroblasts taken from different anatomical locations in adult humans differ from one another, and faithfully recapitulate the principles of colinearity established during embryogenesis [105, 106] . This hints at a mechanism of epigenetic memory within cells responsible for body identity. Similar to the Drosophila loci, mammalian Hox clusters are punctuated by many spatiotemporally regulated lncRNAs, some of which overlap with the Hox genes themselves [28, 107, 108, 109] . A recent high-resolution analysis of transcription in the human Hox clusters identified 231 lncRNAs expressed in a developmentally regulated manner [28] . A fascinating insight into their function was provided by the analysis of one of these lncRNAs, termed HOTAIR (Hox antisense intergenic RNA). HOTAIR is expressed from the HOXC cluster in a segment-dependent manner, binds to the PRC2 complex, and appears to cause widespread repression within the HOXD locus through H3K27 trimethylation (Fig. 2) [28] . Remarkably, the HOXD locus is on a separate chromosome to HOXC, suggesting that HOTAIR acts in trans to recruit the repressive PRC2 complex to specific genomic locations. Following the initial seeding of H3K27 trimethylation, PRC2 may itself bind the same modification and deposit further H3K27 methylation on neighboring histones [110] . Such a mechanism could reinforce the maintenance of epigenetic memory, while simultaneously providing a point for the potential integration of external stimuli with domain-wide chromatin modifications [92] .
MODELS FOR LNCRNA FUNCTION
Further examples continue to emerge of lncRNAs acting as tethers and guides for chromatin-modifying complexes. Embryonic stem cells appear to transcribe a range of lncRNAs that may be involved in maintaining pluripotency, some of which appear to associate physically with the H3K4 methyltransferase MLL1 [111] . A recent method to identify potential lncRNAs, based on the chromatin signature indicative of a transcription unit, identified thousands of lncRNAs with regulatory potential [112] . RNA immunoprecipitation experiments revealed that many of these lncRNAs associate with the repressing PRC2 complex [113] . Knockdown of a selection of these PRC2-interacting lncRNAs by RNAi resulted in the transcriptional up-regulation of dozens of genes, suggesting that these lncRNAs normally function by recruiting PRC2 to multiple genes, resulting in H3K27 methylation-induced silencing [113] . Intriguingly, knockdown of the PRC2-interacting TUG1 lncRNA, previously identified as playing a role in retinal development [114] , leads to the activation of many genes involved in cell-cycle regulation [113] . TUG1 itself Caley et al.: Long Noncoding RNAs, Chromatin, and Development TheScientificWorldJOURNAL (2010) 10, [90] [91] [92] [93] [94] [95] [96] [97] [98] [99] [100] [101] [102] 96 FIGURE 2. The role of the HOTAIR lncRNA in Hox gene regulation. HOTAIR is a lncRNA expressed from the human HOXC cluster, which binds to PRC2 and recruits the complex to the HOXD cluster, leading to H3K27 trimethylation-mediated heterochromatin formation. The two loci are on separate chromosomes, suggesting that the lncRNA works in trans to regulate chromatin structure.
appears to be up-regulated by the p53 protein in response to DNA damage [112] , suggesting that complex networks of transcription factors, lncRNAs, and chromatin-modifying proteins interact to regulate transcriptional programs.
While the evidence for lncRNAs as trans-acting factors in the recruitment of chromatin-modifying complexes is compelling, there is also a plethora of data that suggest alternative mechanisms for lncRNA action. Transcriptional interference is an effect by which the act of transcribing one region can interfere with the transcription of another gene. It has been proposed by several groups that the production of one lncRNA can prevent the transcription of a gene during development [104, 115, 116] . It has also been suggested that transcripts that overlap in the same or opposite direction to a protein-coding gene can interfere with gene transcription by forming duplex or triplex structures with cryptic RNAs produced from the promoter [117, 118] . Many genes appear to have associated antisense transcripts that may regulate their coding partner through transcriptional interference or the generation of double-stranded RNA (for examples, see Mattick [21] ). Human and murine repeat-sequence transcripts appear capable of repressing transcription of specific genes during the heat shock response by associating with RNA polymerase molecules and interfering with elongation [119, 120] . It seems unlikely that any one model for lncRNA function accounts for all aspects of nuclear regulation; indeed, it appears that lncRNAs have evolved a variety of means to regulate transcriptional networks, individual genes, and nuclear architecture.
CONCLUSIONS AND UNANSWERED QUESTIONS
Many questions remain unanswered: What is the biochemical and molecular basis of lncRNAs binding to chromatin-modifying complexes and how do lncRNAs achieve target specificity? The lncRNA upstream of the Ubx gene in Drosophila appears to bind chromatin first and then recruit Ash1, the methyltransferase [103] . Indeed, treatment of Drosophila cells with RNase disrupts binding of Ash1 at over 100 sites in the genome [103] . The lack of high sequence conservation in lncRNAs may indicate a lack of function, but it is known that certain regions of these transcripts are conserved, and it may be these domains that mediate binding to chromatin-modifying complexes or to specific sequences [121] . The A-
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repeat domain, which has been shown to mediate binding of Xist to PRC2, may represent an example of a common chromatin-lncRNA coupling mechanism [59] . Analysis of the sets of genes up-regulated when specific PRC2-interacting lncRNAs are knocked down revealed no common motif at the promoters of genes targeted by any given lncRNA [113] . The specificity of PRC2-interacting lncRNAs acting in trans is nevertheless tightly regulated, repressing individual genes within crowded genomic regions [113] . Given the lack of promoter-consensus sequences, what could be the basis of this choice? One possibility is that lncRNAs mediate specificity through interaction with bidirectional cryptic transcripts present at many gene promoters [122, 123] . Another intriguing possibility is that target specificity is mediated not through primary sequence interactions, but by higher-order structures formed by the lncRNAs. If so, then one would predict that lncRNAs would not show sequence conservation, but instead would show regions of structural conservation, similar to the folding of enzymatic or structural proteins. In certain cases, it may be the act of transcribing a region rather than the transcript itself, which may mediate changes in chromatin structure or nuclear architecture, leading to transcriptional regulation [16, 124] . Do imprinting and dosage-compensation lncRNAs, which appear to work in cis, and lncRNAs such as HOTAIR and TUG1, which appear to work in trans, represent different silencing mechanisms? Certain lncRNAs, including Air, Kcnq1ot1, and Xist, appear to spread within a confined region of the nucleus [36, 86, 125] , prompting suggestions that they nucleate repressive nuclear domains into which genes are recruited [86, 125] . This is consistent with findings that genes that initially escape imprinting or Xistmediated inactivation are found outside of the clouds of lncRNA, but then appear to move into the repressive lncRNA domain upon silencing [86, 125, 126, 127] . As chromosome territories can only diffuse within a constrained region of the nucleus [128] , production of an imprinted lncRNA at a transcription factory could nucleate the formation of a repressive domain that is only capable of recruiting genes from the same constrained region of the nucleus, preventing inappropriate inactivation of both loci. Another model for lncRNA action proposes that the 5' end of a lncRNA, which in some cases appears to be the "business end", guides chromatin-modifying complexes to the regions close to the site of transcription (either in the primary sequence or through physical looping to more distant genomic locations), while the lncRNA is still tethered to chromatin by continued transcription of the 3' end [27] . Whether lncRNAs such as HOTAIR also work by establishing nuclear domains into which HOXD regions are recruited and repressed remains to be established.
While the precise mechanisms remain to be determined, lncRNAs are emerging as key regulators of the epigenome, influencing transcriptional networks and multicellular development. Fascinatingly, this layer of lncRNA regulation may couple chromatin to the factors that control its structure and function. Uncovering the extent to which lncRNAs regulate development and the nuances of their molecular mechanisms will be an exciting process, and may one day allow us to interfere with epigenetic processes in a targeted manner in the treatment of diseases such as cancer.
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